Introduction
============

Alzheimer's disease (AD), which is the most common form of dementia, causes a gradual degeneration of the cognitive functions, overall damage to the intellectual functions, and behavioral disorders and psychological symptoms. Because of the difficulties in treatment, emphasis is placed on the importance of prevention, early detection, and early treatment. Elderly patients with AD show a decreased ability to manage the activities of independent daily life and require nursing, thus increasing the burden on families and society.

Among the tests which may help in the diagnosis of AD, blood tests for the levels of homocysteine, folate, or vitamin B~12~ are often used. Since a close correlation between increased homocysteine levels and AD has been revealed, measurement of the homocysteine concentration is currently considered a necessary component of the AD diagnostic process.[@b1-ndt-10-1887] In addition, as some reports have shown that the vitamin B~12~ and folate levels may not reflect the current disease status, the homocysteine levels are considered a better test than measurements of vitamin B~12~ and folate.[@b2-ndt-10-1887] Homocysteine is produced during the metabolism of methionine, which is an essential amino acid. When homocysteine is not converted to cysteine or methionine but accumulated inordinately, this causes cardiovascular disease. Accumulated homocysteine inhibits the production of prostacyclin, which is a factor that controls the blood pressure and thrombus formation, and leads to the accumulation of low-density lipoprotein, resulting in damage to the blood vessel walls. Eventually, homocysteine damages the blood vessels and causes thrombosis or blood clotting, making it one of the strongest toxic substances in the body and one which leads to cardiovascular and cerebrovascular disorders such as arteriosclerosis, dementia, and stroke.[@b3-ndt-10-1887],[@b4-ndt-10-1887] Since the enzymes necessary to degrade homocysteine or to convert it to cysteine or methionine require folate and vitamin B~12~, a lack of folate and vitamin B~12~ results in increased blood homocysteine levels.[@b1-ndt-10-1887]

Recent studies have shown that homocysteine levels are a sensitive marker of folate and vitamin B~12~ levels and that increased blood homocysteine levels are correlated not only with cardiovascular disease but also with the severity of cognitive damage and dementia. In addition, it has been reported that hyperhomocysteinemia is correlated with psychosis, depression, and other psychiatric disorders.[@b5-ndt-10-1887],[@b6-ndt-10-1887] Using the plasma homocysteine levels as a modality to determine the presence of a functional folate deficiency,[@b7-ndt-10-1887] a recent report identified a biological subgroup of depression with folate deficiency, impaired methylation, and monoamine neurotransmitter metabolism. Elevated levels of homocysteine in young male patients with schizophrenia have also been reported to be potentially related to the pathophysiology of psychotic disorders.[@b8-ndt-10-1887] From that point of view, it is presumed that the behavioral and psychological symptoms of dementia (BPSD) may be correlated with homocysteine. Furthermore, a correlation may be assumed not only with AD but also with other types of dementia, such as frontotemporal dementia, in which behavioral abnormalities are observed.

Studies on the correlation between serum homocysteine levels and BPSD are very sparse. The existing research has produced conflicting results and has only focused on AD and vitamin B~12~.[@b9-ndt-10-1887],[@b10-ndt-10-1887] In this study, on the basis of various results suggesting that homocysteine levels are correlated with the risk and symptoms of AD, the serum homocysteine levels in Korean AD patients were measured and it was investigated whether a correlation existed between increased serum homocysteine levels and the extent of BPSD. No previous research had been conducted on the correlation between BPSD and serum homocysteine levels in Koreans. This study was conducted in order to overcome the methodological shortcomings of formerly published studies such as poorly defined patient populations and extensive behavioral observations. The results of this study may help with the clinical diagnosis and treatment of dementia in the future.

Methods
=======

Subjects and methods
--------------------

A total of 77 patients who visited the dementia clinic of the Department of Psychiatry at Ilsan Paik Hospital (Goyang, South Korea) from September 2011 to January 2014 were included in this study. History taking, mental status examination, physical examination, neurocognitive function testing, and blood tests were carried out as part of the investigation for the diagnosis of AD. The study population was composed of patients who had scored 23 or lower on the Korean version of the Mini-Mental State Examination (MMSE) included in the Consortium to Establish a Registry for AD Assessment Packet (MMSE-KC) and whose age was 65 years or higher among those who were diagnosed with AD according to the *Diagnostic and Statistical Manual of Mental Disorders, Fourth Edition* (DSM-IV) diagnostic criteria. Patients who had taken acetylcholinesterase inhibitors, antipsychotic drugs, benzodiazepines, and antidepressants were excluded. Patients with pharmacologically well-compensated vascular risk factors -- such as diabetes, hypertension, or dyslipidemia -- were enrolled. In this study, the healthy control group (24 females and 13 males) included community-dwelling, age-matched subjects with no sign of cognitive impairment (MMSE score of \>26). Subjects who had been diagnosed with types of dementia other than AD, those with a history of head or brain injury, drug abuse, neoplastic or hematologic disorders, myocardial infarction, recent infections or surgery, severe hepatic or renal insufficiency, and anti-inflammatory, corticosteroid, or immunosuppressive treatments, as well as those with degenerative disorders of the nervous system (eg, Parkinson's disease or Huntington's disease), those with thyroid function abnormalities or other physical illnesses which might affect cognitive functions, and those with accompanying psychotic disorders or mood disorders were excluded. In addition, patients who had received oral administration of folate or vitamin B~12~ were also excluded. The patients' overall cognitive function and disease severity was measured using the MMSE-KC,[@b11-ndt-10-1887] the Global Deterioration Scale (GDS),[@b12-ndt-10-1887] and the Clinical Dementia Rating (CDR).[@b13-ndt-10-1887] The existence and patterns of behavioral disorders and psychiatric symptoms in the patients were evaluated with the Korean version of the Neuropsychiatric Inventory (K-NPI). The study was carried out on every new patient who visited the hospital, who had taken every test required, which might lengthen the registration period. This study was reviewed and approved by the Institutional Review Board of Ilsan Paik Hospital at Inje University.

Assessment tools
----------------

### MMSE-KC

The English version of the MMSE included in the Consortium to Establish a Registry for AD Assessment Packet was adapted by partially modifying the MMSE developed by Folstein et al[@b14-ndt-10-1887] to specifically describe some of the questions and grading standards, although the overall test structure remained nearly the same as in the Folstein et al's MMSE. The MMSE-KC was prepared by translating the questions, methods, and grading standards of the MMSE in the Consortium to Establish a Registry for AD Assessment Package and referring to the Korean version of the MMSE,[@b15-ndt-10-1887] which has been extensively used in Korea, with respect to some of the questions. In this study, a score of 21--26 on the MMSE scale fell into the mild dementia category, while a score of eleven to 20 indicated moderate dementia.

### GDS

The GDS is an assessment tool measuring not only the cognitive functions but also the activities of daily living and abnormal behaviors of patients, without being significantly affected by their educational level. The GDS classifies the clinical stages of dementia into seven grades, including the predementia stages of grades I--III and the dementia stages of grades IV--VII. The reliability of the GDS has been verified in Korea, and its validity has been proven, by showing excellent correlations with other dementia assessment tools.[@b16-ndt-10-1887] Since the GDS can reflect changes in patients over time, the tool may be effectively used to assess prognosis or the efficacy of dementia treatment.

### CDR

The CDR is an assessment tool used to rate the cognitive and social functions of a patient through an interview with the patient and a caregiver of the patient. The CDR includes six detailed items -- memory, orientation, judgment and problem-solving, community affairs, home and hobbies, and personal care -- each of which is rated between zero and three.

### K-NPI

The NPI was developed to assess the behavioral disorders of dementia patients. It has been verified with respect to its validity and reliability, and has been translated into many languages and used in many countries.[@b17-ndt-10-1887]--[@b19-ndt-10-1887] In Korea, a standardized K-NPI has been developed and verified many times with respect to its validity and reliability. The NPI examines 12 subdomains of abnormal behavior in dementia patients, namely delusion, hallucination, agitation/aggression, depression/dysphoria, anxiety, euphoria/elation, apathy/indifference, disinhibition, irritability/lability, aberrant motor behavior, sleep/night-time behavior, and appetite/eating changes, as well as the amount of caregiver distress caused by each of the behaviors. The patients were rated according to the behavioral changes they displayed for the 12 subdomains in the 4 weeks prior to the assessment. When a specific abnormal behavior was found in one of the subdomains, a composite score (zero to 12 points) was obtained by multiplying the score for frequency (zero to four) with the score for severity (zero to three). The composite scores of the 12 subdomains were then added up to obtain the total K-NPI score (zero to 144).

### Blood sampling

The blood homocysteine, folate, and vitamin B~12~ concentrations were measured for patients in both groups. The patients' blood samples were taken intravenously from an upper limb in the morning, after a period of fasting of 12 hours or longer. The blood samples were stored in Vacutainer^®^ tubes containing citrate, were cooled with ice, and were immediately centrifuged at 3,000 rpm for 10 minutes. The serum was then kept in a freezer at −70°C. The homocysteine levels in the serum samples were measured through fluorescence polarization immunoassay.

Statistics
----------

The data were analyzed using SPSS 15.0 for Windows^®^. A probability level of *P*\<0.05 was considered significant. An independent Student's *t*-test was performed to analyze the statistical information by dividing the patients into two groups according to the MMSE scores. A chi-square test was performed to analyze the categorical variables. The correlations of the homocysteine, folate, and vitamin B~12~ concentrations with the MMSE-KC, GDS, CDR, and NPI scores were analyzed using Pearson's correlation test.

Results
=======

Demographic and clinical data
-----------------------------

The baseline characteristics of the control group and AD group enrolled in the study are reported in [Table 1](#t1-ndt-10-1887){ref-type="table"}. No differences in age and sex were found between the two groups. The patients with AD had statistically significantly lower MMSE scores and higher GDS and CDR scores compared with the control group (*P*\<0.01). There were no significant differences in the levels of blood urea nitrogen and creatinine between the two groups.

[Table 3](#t3-ndt-10-1887){ref-type="table"} shows the mean NPI scores for each subdomain. The NPI scores of the moderate dementia patients were higher in general than those of the mild dementia patients, indicating a tendency for behavioral symptoms to increase as AD progresses.

Homocysteine, folate, and vitamin B~12~ concentrations in the subjects
----------------------------------------------------------------------

In the control group, the mean homocysteine, folate, and vitamin B~12~ concentrations were 9.84±3.06 μmol/L, 13.41±7.56 ng/mL, and 677.86±233.61 pg/mL, respectively. As shown in [Table 1](#t1-ndt-10-1887){ref-type="table"}, the patients with AD had significantly higher serum homocysteine levels compared to the control subjects (*P*\<0.01). The mean serum folate concentrations were significantly lower in patients with AD compared to the control subjects (*P*\<0.01). The normal range of folate was 3.1--17.5 ng/mL, and the concentration of the control group and patient group in this study was generally low.

The total number of AD patients in this study was 77, including 26 male patients and 51 female patients. The number of mild dementia patients (MMSE score of 21--26) was 26, while the number of moderate dementia patients (MMSE score of eleven to 20) was 51 ([Table 2](#t2-ndt-10-1887){ref-type="table"}). In the entire group of patients, the mean serum homocysteine level was 13.35±5.72 μmol/L, and the folate and vitamin B~12~ concentrations were 10.26±6.8 ng/mL and 578.98±235.93 pg/mL, respectively. In the mild dementia patient group (MMSE score of ≥21) the mean homocysteine, folate, and vitamin B~12~ concentrations were 12.71±4.43 μmol/L, 13.63±9.07 ng/mL, and 644.29±259.73 pg/mL, respectively. In the moderate dementia patient group (MMSE score \<21), the mean homocysteine, folate, and vitamin B~12~ concentrations were 13.68±6.29 μmol/L, 8.55±4.5 ng/mL, and 545.11±220 pg/mL, respectively. The homocysteine and vitamin B~12~ concentrations did not differ significantly between the two groups, but the folate was significantly lower in the moderate dementia patient group ([Table 2](#t2-ndt-10-1887){ref-type="table"}).

Correlation of homocysteine, folate, and vitamin B~12~ concentrations with NPI subdomains, MMSE-KC, GDS, and CDR
----------------------------------------------------------------------------------------------------------------

The results of the Pearson's correlation test showed a significant correlation between the serum homocysteine levels and the total NPI score. With respect to each NPI subdomain, a significant correlation was found with delusion, agitation/aggression, depression/dysphoria, elation/euphoria, apathy/indifference, and disinhibition ([Table 4](#t4-ndt-10-1887){ref-type="table"}). However, no significant correlation was found with the other six NPI subdomains. A significant correlation was found with disinhibition in the mild dementia patient group, whereas a significant correlation was found with delusion and depression/dysphoria in moderate patients.

The correlations of the serum homocysteine level and the MMSE-KC, GDS, and CDR scores in patients with AD were not significant. The correlations between the folate or vitamin B~12~ concentration and the NPI, MMSE-KC, GDS, and CDR scores were also not significant ([Table 5](#t5-ndt-10-1887){ref-type="table"}).

Discussion
==========

This study was conducted to investigate the correlations of homocysteine, folate, and vitamin B~12~ concentrations with BPSD in patients with AD. Although the correlations of homocysteine, folate, and vitamin B~12~ concentrations with cognitive functions have been previously investigated in a number of studies, there had been very little focus to date on the correlations with BPSD. The results of this study showed that there was a significant correlation between the serum homocysteine levels and the total NPI score of AD patients. In particular, a significant correlation was found with the following NPI subdomains: delusion, agitation/aggression, depression/dysphoria, elation/euphoria, apathy/indifference, and disinhibition. BPSD in the moderate dementia patient group was found to be more closely correlated with the concentration of homocysteine than in the mild dementia patient group. This highlights that the correlation between homocysteine and behavioral symptoms increases as AD progresses. These results contrast with the findings of Tabet et al's previous study, which found that homocysteine levels are not significantly correlated with BPSD,[@b20-ndt-10-1887] but are in accordance with other studies indicating that homocysteine levels are significantly correlated with BPSD.[@b5-ndt-10-1887],[@b6-ndt-10-1887],[@b21-ndt-10-1887]--[@b23-ndt-10-1887] In addition, the results of this study showed that folate and vitamin B~12~ concentrations are not correlated with BPSD, which is similar to the results of Engelborghs et al[@b8-ndt-10-1887] and Whyte et al.[@b10-ndt-10-1887]

One of the most valuable hypotheses explaining the mechanisms by which homocysteine contributes to AD pathology is by affecting the cerebrovascular and endothelial compartments, resulting in a chronic perturbation of the neurovascular unit. A direct link between hyperhomocysteinemia and both an increase of endothelial damage and prothrombotic state in AD has been recently demonstrated by Piazza et al.[@b24-ndt-10-1887] Raposo et al also indicate that both compounds, homocysteine and thiolactone, inhibit the activity of lysyl oxidase (an enzyme involved in extracellular matrix maturation) in vascular endothelial cells.[@b25-ndt-10-1887] Several lines of evidence suggest that chronic endothelial dysfunction plays a pivotal role in AD.[@b24-ndt-10-1887] Among other mechanisms, it increases oxidative stress and reduces nitric oxide (NO) functioning through the generation of superoxide and the consecutive reaction of this radical with NO to peroxynitrite, a deleterious reactive nitrogen species.[@b26-ndt-10-1887] Interestingly, homocysteine impairs the NO pathway by increasing asymmetrical dimethylarginine,[@b27-ndt-10-1887] an endogenous NO synthase inhibitor which is also a strong risk factor in cardiovascular disease. Mechanisms such as demethylation,[@b28-ndt-10-1887] increased amyloid-beta,[@b29-ndt-10-1887] and phosphorylation of tau proteins[@b30-ndt-10-1887] are also involved in the effects of increased serum homocysteine levels on AD.[@b31-ndt-10-1887] However, the detailed mechanisms have not yet been clearly demonstrated.

It has previously been reported that increased homocysteine levels are correlated with decreased cognitive functions. Schafer et al reported that a high homocysteine level was correlated with a decrease in the cognitive functions of elderly people.[@b32-ndt-10-1887] The Oxford Project to Investigate Memory and Aging (OPTIMA) also showed that the plasma homo-cysteine level is negatively correlated with cognitive function scores in elderly populations.[@b33-ndt-10-1887] In addition, the Rotterdam Scan Study showed that the cognitive functions decrease as the plasma homocysteine level increases in elderly populations without dementia.[@b34-ndt-10-1887] However, Irizarry et al reported that homocysteine levels increase with age, but observed no significant difference in the homocysteine levels between the AD group and the control group.[@b35-ndt-10-1887] Although there are inconsistencies among the previous studies, the overall results show that an increased homocysteine concentration is generally correlated with decreased cognitive functions. However, the results of the current study did not show a significant correlation between the homocysteine concentration and the cognitive functions, which might be because the number of subjects was small.

The correlation between depression and homocysteine in dementia patients has rarely been studied. Chen et al reported that the coexistence of major depressive disorders in patients with moderate AD was correlated with hyperhomocysteinemia.[@b36-ndt-10-1887] Several studies have been conducted on the correlation between depression and homocysteine in elderly patients, but the results were not consistent.[@b37-ndt-10-1887]--[@b40-ndt-10-1887] The current study showed a significant correlation between increased homocysteine levels and the NPI score in the depression/dysphoria subdomain, a finding similar to the results of the previous study conducted by Chen et al.[@b36-ndt-10-1887] There is no established mechanism regarding the correlation between homocysteine and depression in dementia patients, but several hypotheses have been suggested as to the correlation between homocysteine and depression in elderly patients. One representative theory is the vascular depression hypothesis. It is supported by the comorbidity of depression, vascular disease, and vascular risk factors and the association of ischemic lesions to distinctive behavioral symptoms. The disruption of prefrontal systems or of their modulating pathways by single lesions or by an accumulation of lesions exceeding a threshold is hypothesized as a central mechanism in vascular depression.[@b41-ndt-10-1887] According to this hypothesis, it is assumed that hyperhomocysteinemia causes the dysfunction and chronic inflammatory responses of vascular endothelial cells, which exacerbates AD and causes "vascular depression" as a result of the vascular pathology. It has already been shown that the inflammatory response is one of the key mechanisms of AD.[@b42-ndt-10-1887],[@b43-ndt-10-1887]

This study also showed that there was a significant correlation between homocysteine and elation/euphoria. The correlation between homocysteine and manic symptoms has rarely been studied in dementia patients until now. Focusing on bipolar disorder, disorders in homocysteine metabolism have been observed in patients with bipolar disorder in recent studies. Ozbek et al reported that the homocysteine concentration was higher and the folate concentration was lower in a bipolar disorder patient group than in a normal control group.[@b44-ndt-10-1887] As such, it seems that hyperhomocysteinemia plays a certain role in the pathophysiology of neurocognitive deficits in bipolar disorder,[@b45-ndt-10-1887],[@b46-ndt-10-1887] but information about the role is lacking. Additional studies will be required to analyze the role of homocysteine in manic symptoms, particularly in the manic symptoms of dementia.

The current study demonstrated that the homocysteine concentration was significantly correlated with the NPI subdomain of apathy/indifference, which is one of the common behavioral symptoms of AD. It has already been reported that a high level of homocysteine is a risk factor for various neuropsychiatric diseases including AD[@b47-ndt-10-1887] and that high homocysteine concentrations are associated with smaller brain volume in the frontal lobe, which has been reported to be associated with apathy.[@b48-ndt-10-1887] In addition, it has been suggested that people with AD who show apathy have some degree of dopaminergic system dysfunction.[@b49-ndt-10-1887] High homocysteine levels can cause the dysregulation of one-carbon metabolism, which involves the production of dopamine. Future studies may be required on the correlation between the severity of apathy and the homocysteine concentration depending on sex.

Almost no research has been conducted on the correlation between homocysteine and thought disorders such as delusion. A correlation between homocysteine and schizophrenia has been reported in some studies. Spiro et al reported cases of schizophrenia showing homocystinuria and suggested the possibility of a disorder in the methionine metabolism in some of the schizophrenia cases.[@b50-ndt-10-1887] Another study demonstrated that the administration of methionine, which is a precursor of homocysteine, exacerbated the symptoms of schizophrenia patients.[@b51-ndt-10-1887] More systematic studies were later conducted, and Regland et al reported, in a study on patients with schizophrenia, that a high homocysteine concentration was found in 45% of schizophrenia patients. The authors stated that the result was caused by a genetic methylation defect which was unrelated to nutritional status (eg, folate or cobalamin depletion) or to antipsychotic drugs.[@b52-ndt-10-1887] Levine et al conducted a study dividing 193 schizophrenia patients and 762 normal control group subjects according to their sex and age, and reported that the blood homocysteine concentration was higher in young male schizophrenia patients.[@b53-ndt-10-1887] However, Virgos et al found a contradictory result, reporting that there was no significant difference in the blood homocysteine concentration between schizophrenia patients and normal subjects.[@b54-ndt-10-1887] Although the results are not consistent, the previous studies suggest that hyperhomocysteinemia may be correlated to some extent with schizophrenia manifesting a thought disorder. Suggested mechanisms to explain the correlation between hyperhomocysteinemia and schizophrenia are that homocysteine damages the DNA to cause apoptosis and excitotoxicity, and that homocysteine acts as a partial antagonist of the glycine co-agonist site and an agonist at the glutamate site of the N-methyl-D-aspartate receptor.[@b55-ndt-10-1887],[@b56-ndt-10-1887] In the current study, the NPI subdomains suggesting psychiatric symptoms such as delusion and agitation/aggression were increased in the AD patients as the homocysteine concentration increased, which allows the assumption that the result in AD was caused by a mechanism similar to that of schizophrenia. The correlation between homocysteine and disinhibition has never been studied, and thus future studies may be needed in this regard.

This study presents several limitations. First, the number of subjects was not large. Second, the research was conducted as a monocentric and retrospective study. Since the study was retrospective, the date of the cognitive function assessment did not coincide with the date of the blood test. Nevertheless, to improve the temporal probability, the interval between the two dates was limited to a 1-month bracket. Furthermore, the collected data regarding the dietary intake of the patients were not sufficient. The serum folate concentration appeared to be low in this study. The authors believe it is important to identify the reason why the folate was low by exploring information.

In summary, associations between homocysteine serum levels and BPSD were observed, raising the possibility of an etiological role. However, as a correlation does not necessarily imply a causative relation, the pathophysiological mechanisms underlying these findings remain to be elucidated. In addition, given the role of vitamin B~12~ and folate in the synthesis of monoamine neurotransmitters[@b37-ndt-10-1887] and the existence of neurochemical correlates of BPSD,^57^ it could be hypothesized that a lowered folate and vitamin B~12~ level leading to altered monoaminergic neurotransmission may predispose one to BPSD. However, only correlations between the homocysteine concentration and the NPI scores were found in this study. This was a cross-sectional study and the findings should be confirmed through repetitive, prospective longitudinal studies on a larger group of patients with neurodegenerative disorders. The relationship between low folate, low vitamin B~12~, or high homocysteine levels and BPSD should also be investigated in more detail. Gaining a greater understanding of the relationships between BPSD and folate, vitamin B~12~, and homocysteine will determine whether or not the therapeutic trial of folate and vitamin B~12~ can help BPSD treatment. In addition, the authors believe that related studies about the relationship between BPSD and homocysteine levels in different type of dementia, such as frontotemporal dementia, also need to be explored.

Conclusion
==========

The serum homocysteine levels in Korean AD patients were measured and it was investigated whether there is a relationship between the serum levels of homocysteine and BPSD. No previous research had been conducted as yet on the correlation between BPSD and serum homocysteine levels in Koreans. The results of this study showed that there was a significant correlation between the homocysteine levels and the total NPI score of AD patients. In particular, a significant correlation was found with the following NPI subdomains: delusion, agitation/aggression, depression/dysphoria, elation/euphoria, apathy/indifference, and disinhibition. The results of this study may help with the clinical diagnosis and treatment of dementia in the future.
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###### 

Demographic and clinical data of patients with Alzheimer's disease and controls

  --------------------------------------------------------------------------------------------------------------------------------------------
                                Controls\         AD\               Controls versus AD   
                                (N=37)            (N=77)                                 
  ----------------------------- ----------------- ----------------- -------------------- -----------------------------------------------------
  Sex (female)                  13 (24)           26 (51)           0.021                0.885

  Age                           75.86 (5.74)      76.73 (7.63)      0.609                0.544

  Homocysteine (μmol/L)         9.84 (3.06)       13.35 (5.72)      3.489                0.001[\*\*](#tfn3-ndt-10-1887){ref-type="table-fn"}

  Folate (ng/mL)                13.41 (7.56)      10.26 (6.8)       −2.88                0.005[\*\*](#tfn3-ndt-10-1887){ref-type="table-fn"}

  Vitamin B~12~ (pg/mL)         677.86 (233.61)   578.98 (235.93)   1.363                0.176

  Blood urea nitrogen (mg/dL)   16.06 (4.52)      19.33 (11.47)     1.522                0.132

  Creatinine (mg/dL)            0.9 (0.25)        1.04 (0.57)       1.335                0.185

  MMSE                          27.03 (1.36)      17.35 (5.19)      −10.997              0.000[\*\*](#tfn3-ndt-10-1887){ref-type="table-fn"}

  GDS                           1.81 (0.75)       4.2 (0.95)        13.241               0.000[\*\*](#tfn3-ndt-10-1887){ref-type="table-fn"}

  CDR                           0.14 (0.23)       1.00 (0.38)       12.474               0.000[\*\*](#tfn3-ndt-10-1887){ref-type="table-fn"}

  NPI total                     2.56 (2.51)       15.08 (18.34)     2.036                0.045[\*](#tfn2-ndt-10-1887){ref-type="table-fn"}
  --------------------------------------------------------------------------------------------------------------------------------------------

**Notes:** Values represent mean (standard deviation).

Significant at *P*\<0.05.

Significant at *P*\<0.01.

**Abbreviations:** AD, Alzheimer's disease; CDR, Clinical Dementia Rating Scale; GDS, Global Deterioration Scale; MMSE, Mini Mental State Examination; NPI, Neuropsychiatric Inventory.

###### 

Demographic and clinical data of patients with Alzheimer's disease

  ----------------------------------------------------------------------------------------------------------------------------------------------------------
                          Total AD\         Mild AD\          Moderate AD\   Mild versus moderate AD   
                          (N=77)            (N=26)            (N=51)                                   
  ----------------------- ----------------- ----------------- -------------- ------------------------- -----------------------------------------------------
  Sex (female)            26 (51)           10 (16)           16 (35)        0.387                     0.613

  Age                     76.73 (7.63)      77.23 (6.77)      76.47 (8.08)   0.411                     0.341

  Homocysteine (μmol/L)   13.35 (5.72)      12.71 (4.43)      13.68 (6.29)   −0.698                    0.243

  Folate (ng/mL)          10.27 (6.8)       13.63 (9.07)      8.55 (4.5)     3.291                     0.001[\*\*](#tfn7-ndt-10-1887){ref-type="table-fn"}

  Vitamin B~12~ (pg/mL)   578.98 (235.93)   644.29 (259.73)   545.11 (220)   0.883                     0.353

  MMSE                    17.35 (5.19)      22.54 (1.88)      14.7 (4.23)    8.96                      0.000[\*\*](#tfn7-ndt-10-1887){ref-type="table-fn"}

  GDS                     4.2 (0.95)        3.77 (0.65)       4.42 (1.01)    −2.97                     0.02[\*](#tfn6-ndt-10-1887){ref-type="table-fn"}

  CDR                     1.00 (0.38)       0.79 (0.25)       1.11 (0.39)    −3.77                     0.000[\*\*](#tfn7-ndt-10-1887){ref-type="table-fn"}

  NPI total               15.08 (18.34)     10.46 (12.32)     17.48 (20.5)   −1.6                      0.057
  ----------------------------------------------------------------------------------------------------------------------------------------------------------

**Notes:** Data represents mean (standard deviation).

Significant at *P*\<0.05.

Significant at *P*\<0.01.

**Abbreviations:** AD, Alzheimer's disease; CDR, Clinical Dementia Rating Scale; GDS, Global Deterioration Scale; MMSE, Mini Mental State Examination; NPI, Neuropsychiatric Inventory.

###### 

Mean Neuropsychiatric Inventory scores of patients with Alzheimer's disease

                              Mean NPI score of total AD (N=77)   Mean NPI score of mild AD (N=26)   Mean NPI score of moderate AD (N=51)   Mild versus moderate AD   
  --------------------------- ----------------------------------- ---------------------------------- -------------------------------------- ------------------------- ----------------------------------------------------
  Delusion                    1.53 (2.92)                         1.08 (2.6)                         1.76 (3.07)                            −0.967                    0.336
  Hallucination               0.83 (2.47)                         0.5 (2.35)                         1.00 (2.54)                            −0.834                    0.407
  Agitation/aggression        1.59 (2.65)                         0.96 (2.39)                        1.92 (2.74)                            −1.509                    0.136
  Depression/dysphoria        1.42 (2.38)                         1.12 (1.31)                        1.59 (2.78)                            −0.806                    0.423
  Anxiety                     1.28 (2.1)                          0.62 (0.94)                        1.62 (2.49)                            −2.011                    0.048[\*](#tfn10-ndt-10-1887){ref-type="table-fn"}
  Euphoria/elation            0.21 (0.80)                         0.08 (0.39)                        0.28 (0.95)                            −1.044                    0.300
  Apathy/indifference         2.13 (3.21)                         1.38 (2.19)                        2.52 (3.59)                            −1.472                    0.145
  Disinhibition               0.66 (1.9)                          0.85 (2.48)                        0.56 (1.54)                            0.620                     0.537
  Irritability/lability       1.43 (2.54)                         1.35 (2.06)                        1.48 (2.77)                            −0.217                    0.829
  Aberrant motor behavior     1.62 (3.48)                         0.92 (2.61)                        1.98 (3.83)                            −1.263                    0.211
  Sleep/night time behavior   1.47 (3.00)                         0.92 (2.5)                         1.76 (3.21)                            −1.158                    0.251
  Appetite/eating change      0.95 (1.90)                         0.81 (1.58)                        1.02 (2.07)                            −0.459                    0.648

**Notes:** Data represents mean (standard deviation).

Significant at *P*\<0.05.

**Abbreviations:** AD, Alzheimer's disease; NPI, Neuropsychiatric Inventory.

###### 

Correlations of serum homocysteine levels and scores of the Neuropsychiatric Inventory

                              Total AD   Mild AD                                                Moderate AD                                                                 
  --------------------------- ---------- ------------------------------------------------------ ------------- ---------------------------------------------------- -------- ------------------------------------------------------
  Delusion                    0.403      0.000[\*\*](#tfn13-ndt-10-1887){ref-type="table-fn"}   0.102         0.620                                                0.489    0.000[\*\*](#tfn13-ndt-10-1887){ref-type="table-fn"}
  Hallucination               −0.082     0.481                                                  −0.051        0.803                                                −0.104   0.472
  Agitation/aggression        0.308      0.007[\*\*](#tfn13-ndt-10-1887){ref-type="table-fn"}   0.446         0.102                                                0.257    0.489
  Depression/dysphoria        0.324      0.004[\*\*](#tfn13-ndt-10-1887){ref-type="table-fn"}   0.057         0.780                                                0.366    0.009[\*\*](#tfn13-ndt-10-1887){ref-type="table-fn"}
  Anxiety                     −0.020     0.867                                                  0.044         0.830                                                −0.051   0.725
  Euphoria/elation            0.262      0.022[\*](#tfn12-ndt-10-1887){ref-type="table-fn"}     0.221         0.278                                                0.264    0.064
  Apathy/indifference         0.297      0.009[\*\*](#tfn13-ndt-10-1887){ref-type="table-fn"}   0.341         0.088                                                0.278    0.051
  Disinhibition               0.261      0.023[\*](#tfn12-ndt-10-1887){ref-type="table-fn"}     0.419         0.033[\*](#tfn12-ndt-10-1887){ref-type="table-fn"}   0.217    0.131
  Irritability/lability       0.216      0.060                                                  0.210         0.303                                                0.217    0.131
  Aberrant motor behavior     0.142      0.221                                                  −0.032        0.875                                                0.172    0.231
  Sleep/night time behavior   0.090      0.437                                                  0.165         0.421                                                0.058    0.691
  Appetite/eating change      0.206      0.074                                                  0.126         0.541                                                0.224    0.118
  NPI total                   0.321      0.005[\*\*](#tfn13-ndt-10-1887){ref-type="table-fn"}   0.339         0.090                                                0.308    0.029[\*](#tfn12-ndt-10-1887){ref-type="table-fn"}

**Notes:**

Significant at *P*\<0.05.

Significant at *P*\<0.01.

**Abbreviations:** AD, Alzheimer's disease; NPI, Neuropsychiatric Inventory.

###### 

Correlations of serum homocysteine levels and scores of the Mini Mental State Examination, Global Deterioration Scale, and Clinical Dementia Rating Scale

         Total AD   Mild AD   Moderate AD                   
  ------ ---------- --------- ------------- ------- ------- -------
  MMSE   −0.037     0.750     −0.358        0.073   0.091   0.524
  CDR    0.100      0.388     0.300         0.136   0.017   0.904
  GDS    0.129      0.256     0.348         0.081   0.052   0.718

**Abbreviations:** AD, Alzheimer's disease; CDR, Clinical Dementia Rating Scale; GDS, Global Deterioration Scale; MMSE, Mini Mental State Examination.
